Risk of neonatal mortality secondary to infections such as pneumonia and diarrhoeal diseases can be influenced by maternal hygiene, but little is known about current maternal hygiene practices in lowand middle-income countries. This study aimed to assess the hygiene practices of mothers of neonatal intensive care unit (NICU) patients in Lusaka, Zambia and associated epidemiological factors. A cross-sectional survey of the mothers of hospitalized neonates at the University Teaching Hospital (UTH) in Lusaka was conducted. Study nurses orally administered questionnaires to mothers in their local languages about their hygiene practices related to newborn care. Of the 201 mothers surveyed, self-reported hygiene practice was associated with literacy (p ¼ 0.013) and income (p < 0.0001). In contrast, adherence to recommended hygienic newborn care was less common, with only 36% of mothers practising recommended cord care practices. Forgetfulness (32%) and lack of hygiene resources (13%) were the major barriers to hygienic behaviours. Surveyed Zambian women who delivered babies requiring NICU care self-reported adequate hygienic practices and apparently faced difficulty practising them due to forgetfulness and a lack of hygiene resources.
Despite the impact of hygiene practices on neonatal infection, little is known about current maternal hygiene practices, hygienic newborn care, and health literacy in many parts of sub-Saharan Africa. While the constituent parts of health literacy are not clearly defined, a case study in Zambia by Schrauben & Wiebe () found that only 46.5% of males and 24.5% of females had high health literacy, as defined by the Institute of Medicine as 'the degree to which individuals have the capacity to obtain, interpret and understand basic health information and services needed to make appropriate health decisions' (Schrauben & Wiebe ) . In addition, Nnebue et al.
() showed that there may be inadequate knowledge on hygienic newborn care among mothers in Nigeria, an African country with high neonatal mortality. Thus, improving the maternal understanding of optimal hygiene principles and practices is a potential strategy to reduce the rates of neonatal infection and mortality.
Due to the high rates of hospital-and community- is a need to further investigate factors associated with high levels of maternal hygiene practices in these settings (Castro-Sanchez et al. ) . While there is some evidence that access to adequate sanitation and hygiene are influenced by disparities in wealth in African countries, there is a relative lack of information on the impact of other demographic factors such as education and literacy on maternal hygiene practices (Roche et al. ) . In addition, identifying variables that could contribute to a standardized tool for assessing hygiene practices may be useful for identifying populations at risk and intervening appropriately.
Thus, additional data on maternal hygiene practices in low-and middle-income countries can be used to inform future educational and interventional efforts at reducing the rates of neonatal infections. The objective of this study was to determine the hygiene practice of mothers of neonatal intensive care unit (NICU) patients at a tertiary referral centre in Lusaka, Zambia and the factors associated with good hygiene practice.
METHODS

Setting and design
The study was performed in the NICU at the University Teaching Hospital (UTH) in Lusaka, Zambia. The UTH is the country's tertiary referral centre and its NICU admits approximately 3,600 neonates a year. Seventy-one per cent of the newborns admitted to the NICU were born at the UTH, with the rest admitted from home or referred from an outside health facility (Mwananyanda et al. ) . 
Survey instrument
The sociodemographic aspects of the survey were modelled from surveys used for Boston University's AMANHI study () . The questions on hygiene practices were newly designed by the study investigators. A 5-point Likert scale was used to assess the frequency of behaviour of common hygiene practices in daily life and hygienic newborn care. For the former, questions on topics such as hand hygiene before cooking, before eating, or after using toilets were used. A question on the frequency of brushing teeth was asked, as a study in rural Zambia showed limited oral hygiene knowledge in the population (Kabali & Mumghamba ) . We also asked whether they cover their mouth when coughing or sneezing, as a study in Bangladesh showed 81% of parents did not do so 
Survey administration
The surveys were administered at the UTH NICU from May 2016 to July 2016. Three study nurses recruited mothers who were waiting to see their newborns in the NICU. All mothers or primary caretakers of newborns admitted to the NICU were eligible, after obtaining verbal consent. The surveys were administered orally by the nurses in either Bemba or Nyanja, and responses were recorded on paper forms for subsequent entry into electronic format.
Analysis
The numerical values of the responses on the Likert scale to these questions were summed to create a new metric 
RESULTS
Participant characteristics
There were 201 mothers recruited and had a mean age of 26.1 years (standard deviation [SD] 6.5) and a median monthly income of 1,200 Zambian Kwacha (IQR of 700 and 3,000 ZMK) equivalent to $114 USD at the time of the study, compared to monthly GDP per capita of $138.
About half of the mothers were primigravida, spoke Bemba, reported high literacy, and had completed up to secondary school level of education (Table 1) .
Analysis of differences in the demographic factors
between Nyanja and Bemba speakers yielded no significant differences between the two groups in age, literacy, income, and education, except that Bemba-speaking mothers were more likely to be single than Nyanja-speaking mothers (16.2% vs. 4.7% of mothers, p ¼ 0.021).
Hygiene literacy
The mean Hygiene Literacy Score was 33 and the median score was 34. A higher score was significantly associated with increasing income bracket. The hygiene score was also significantly associated with literacy, with moderate literacy having the highest score and high literacy having the lowest score. Age, language, marital status, previous children, or education were not significantly associated with the hygiene score (Table 2) .
Barriers to hygienic practices
The most common barriers to hygienic practices were forgetfulness (32%) and lack of hygiene resources (13%). A significantly greater proportion of mothers speaking Nyanja rather than Bemba indicated that lack of knowledge (30% vs. 12%, p ¼ 0.01), lack of hygiene resources (27% vs. 1%, p < 0.01), and forgetfulness (41% vs. 24%, p ¼ 0.04) were the barriers to hygiene practice. There was a significant inverse association between income and the lack of hygiene resources and inconvenience. There was also a significant inverse association between the maternal Hygiene Literacy Score and the lack of hygiene resources and forgetfulness.
Cord care practices
We found that 64% of mothers did not follow the current WHO guidelines for proper cord care (Table 3) . Women who spoke Bemba were more likely to perform proper cord care than those who spoke Nyanja (46% vs. 24%, p ¼ 0.008). When stratified by language spoken, adherence to recommended cord care and literacy were associated (p ¼ 0.03). Other reported methods of cord care included 'pouring bread milk on stump' and 'applying herbal medicine'.
Scenario responses
Of the three actionable hygiene comments in the scenario, only 'washing hands before touching food' was commonly done, with 98% of participants saying they do this. The other two comments -'washing hands after handling food and before interacting with child' and 'washing baby's genitals'were reported by 25% and 55% of participants.
DISCUSSION
According to our survey, there was a statistically significant association between self-reported hygiene practice and income and literacy. The lack of association with education was inconsistent with other studies that have examined maternal hygiene practices. Studies in Nigeria and India In contrast, these studies also found little association between hygiene practices and maternal parity and had con- There are a few explanations for this. First, self-reported behaviour is not uncommonly higher than actual behaviour.
A study in India showed that self-reported recall-based handwashing behaviour was 13% higher than directly observed This latter possibility points to the necessity of identifying the barriers to good hygiene practices in this population. Forgetfulness and lack of hygiene resources were the most commonly listed barriers. It is also worth noting that income and Hygiene Literacy Score were associated with some of these barriers, possibly pointing towards socioeconomic and educational effects on the ability of these mothers to practice good hygiene. There is currently a lack of research on barriers to hygiene in sub-Saharan Africa, which may be a further avenue for investigation. lack of generalizability since all participants were mothers whose newborns were already in the NICU, and social acceptability bias present in self-reported behaviour on an orally administered questionnaire. The study would also have benefitted from linking each participant with the clinical diagnosis and outcomes of her newborn, and future investigation into links between maternal hygiene practices and newborn admission diagnoses could be elucidating.
Comparisons with Demographic Health Survey data showed differences in the proportions of primigravida women, which may limit generalizability of our findings as a whole. However, we believe that our findings on barriers and cord care practices with respect to sociodemographic factors still raise valid questions about maternal hygiene practices.
CONCLUSIONS
Maternal hygiene is an important route for neonatal infection prevention, and a better understanding of current maternal hygiene literacy and behaviour is necessary to improve neonatal outcomes from infectious processes in the developing countries. Many mothers of UTH NICU patients had adequate self-reported hygiene practices according to their Hygiene Literacy Score, but showed limited consistency in behaviour when going through scenarios.
The main identified barriers to self-reported hygiene practices were forgetfulness and lack of hygiene resources, which may be potential future routes for interventions to reduce the rates of neonatal infection and mortality. The 
